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BULLETIN 


VARIATION OF HYDRODYNAMIC IMPACT LOADS WITH FLIGHT-PATH 

ANGLE FOR A PRISMATIC FLOAT AT 6° AND 9° TRIM AND A 

1 ° 

22^ ANGLE OF DEAD RISE 
By Sidney A. Batterson and Thelma Stewart 

SUMMARY 


Tests were made in the Langley impact basin to deter- 
mine the relationship between impact normal acceleration 
and flight-path angle for seaplanes landing in smooth 
water. The tests were made at both high and low forward 
speeds and at trims of 6° and 9°* The model had a 
1 ° 

22p> angle of dead rise and a gross weight of 1100 pounds. 

The results of the tests indicated that, over the test 
range of flight-path angle y, the maximum impact normal 

acceleration was proportional to y~*^ for 6° trim and 

to ^ for 9° trim. At low flight-path angles the 
dynamic lift forces resulting from the downward deflection 
induced in the water impinging upon the float bottom 
predominated, whereas at high flight-path angles the forces 
resulting from the virtual mass predominated. The maximum 
deoth of immersion and the immersion that occurred at the 
instant of .maximum normal force showed very little effect 
of trim. 


INTRODUCTION 


Tests made in the Langley impact basin to determine 
the effect of flight-path angle upon impact normal acceler- 
ation for seaplanes landing in smooth water have been 
described in references 1 and 2. These tests were part 
of an investigation undertaken to determine the effect of 
flight-path angle upon impact accelerations throughout 
the range of symmetrical landings. Since the trim determines 
the relative effect upon the total impact load of the 
dynamic lift forces due to the downward deflection of the 
water impinging upon the float bottom and the forces 
resulting from the rate of change of the virtual mass, the 
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investigation included tests at various trims. The results 
presented in references 1 and 2 show the variation of 
impact normal acceleration with flight-path angle for 
trims of p° and 12°, respectively. As a continuation of 
the investigation , data are presented herein to show the 
variation of impact normal acceleration with flight-path 
ancle at trims of 6 ° and 9 °* The tests were made with a 

10 

model having prismatic form and a 22^ angle of deac. rise. 

The effect of weight is not included, since the total model 
weight was held constant throughout the tests. 


SYMBOLS 


V 


Vv 


V v 

g 

F 4 
l w 


W 


n iw, 


max 


T 


Y 

y 


resultant velocity of float, feet per second 

horizontal velocity component of float, feet 
per second 

vertical velocity component of float, feet per 
second 

acceleration of gravity (J2.2 ft/sec^) 
impact force normal to water surface, pounds 
total model weight, pounds 
maximum impact load factor 
float trim, degrees 
flight -path angle, degrees 
vertical displacement of float, inches 



EQUIPMENT Aid) INSTRUMENTATION 

The Langley impact basin float model M-l tested, 

1° 

which has a 22-^ angle of dead rise, was the forebody of 

the float described in reference 3» The lines and 
pertinent dimensions of this model are shown In figure 1. 
The gross weight of the model including the drop linkage 
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was 1100 pounds. The equipment and instruments used 
throughout the tests were, with the exception of the 
accelerometer, the same as those described in reference 3* 
An NACA air-damped accelerometer with a frequency of 
approximately 21 cycles per second was used to determine 
the impact normal acceleration. 


TEST PROCEDURE 


The model was tested with 0° angle of yaw at trims 
of 6° and 9°. The horizontal velocities for these tests 
ranged from approximately I4.5 feet per second to approxi- 
mately 100 feet per second, and the vertical velocities 

ranged from approximately ljj feet per second to 12 feet 

per second. The range of flight-path angle was from 1° 
to lLj.°. The depth of immersion was measured at the model 
stern perpendicular to the level water surface. During 
the impact process a lift equal to the total weight of 
the model was exerted on the float by means of the 
buoyancy engine described in reference 3* All test 
measurements were recorded as time histories. 


PRECISION 


The apparatus used in the present tests yield meas- 
urements that are believed correct within the following 
limits.: 


Horizontal velocity, foot per second 
Vertical velocity, foot oer second . 
Vertical displacement, inch . . . . 

Acceleration, g . . . 

We i ght , p oun ds 


±0.5 

* 0.2 

* 0.2 

*0.5 

* 2.0 


RESULTS AND DISCUSSION 


For each run an accelerometer record was obtained 
from which the maximum load factor for each impact was 
derived. Since the buoyancy engine contributed a force 
equal to the total weight of the model, 1 g was. subtracted 
from the values obtained from the accelerometer record to 
isolate the hydrodynamic force resulting from the impact. 
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Inasmuch as the maximum impact normal acceleration 

was shown in reference 3 to be proportional to the square 

of the resultant velocity, the hydrodynamic load factor 

was divided by to make it independent of velocity. 

The values of ni w /v2 for both float trims of 6° 

w max/ 

and 9° ar>e plotted in figure 2 against flight-path angle 
at the instant of water contact. Within the scatter of 
the test points appearing in this figure, the variation 
of nj_ with y is a simple power function over the 

w max 

test range. Evaluation of the slopes of the curves in 
figure 2 shows that for 6° trim 


ni w 


max 


cc 


and for 9° trim 


n i w coy 1 * 55 
w max 


Figure 2 indicates that at low flight-path angles 
the impacts for 9° trim resulted in higher loads than 
those for 6° trim; however, as the flight-path angle 
increased, the two curves tended to intersect. This 
condition is described in reference ip and is attributed 
to the fact that at low flight-path angles the increased 
trim produces greater downward angle of water deflection, 
which results in greater impact acceleration. On the 
other hand, at the high flight -path angles the increase 
of virtual mass primarily governs the magnitude of the 
impact accelerations since the depth of immersion increases 
as the flight-path angle becomes larger. The mass effects 
are obviously greater in the case of the lower trim. 

Maximum depth of immersion and depth of immersion 

at time of n-? are plotted against flight-path angle 

w max 

for trim of 6° in figure 3 and for trim of 9° in figure ip. 

A comparison of figures 3 and b shows them to be nearly 
identical and indicates that the difference in trim had 
no significant effect on depth of immersion. The test 
range of flight-path angles was not sufficient to show 
the very marked effect of chine immersion upon the depth 
of penetration at the time of maximum force as observed 
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in reference 2; however, for both the 9° and 6° trims the 
curves exhibited reduced slopes at the higher flight-path 
angles . 


CONCLUSIONS 


Tests were made in the Langley Impact basin to deter- 
mine the relationship between the impact normal accel- 
eration and flight-path angle for seaplanes landing in 
smooth water. The results ' of the tests, which were made 
at constant weight and model trims of 6° and 9°> lead to 
the following conclusions: 

1. The maximum impact normal acceleration for 6° trim 

was proportional to y^*54 over the test range of flight- 
path angle y. 

2. The maximum impact normal acceleration for 9° trim 

was proportional to over the test range of y. 

5. The experimental data provided a check for the 
previously drawn theoretical conclusion that: at low 

flight-path angles the lift forces resulting from the 
downward deflection induced in the water impinging upon 
the float bottom predominated, whereas at high flight- 
path angles the forces resulting from the virtual mass 
predomin ated. 

il-. The maximum depth of immersion and the imme'rsion 
that occurred at the instant of maximum normal force 
showed very little effect of trim. 
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Fig. 1 



BODY PLAN 


STATION 



Figure l- Lines of float model mi tested in langley impact basin. 
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Fig. 3 



and //nmers /on at f/me of max/ mum acce/erat 
w/th f//ght-pafh ang/e. T= 6° - t Wd 100 pounds. 
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and /mm ers/on at f/me of max/ mum acce/eraf 
w/fh flight- path ang/e. T*9° ■ VJ--/ 100 pounds. 




